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(57)Abstract: 

PURPOSE: To prevent the occurrence of large crack and breakage from a corner part of a 
hot working die of large size or heavy service load, caused by deficiency in toughness, and to 
improve toughness without deteriorating strength and wear resistance in order to improve 
service life. 

CONSTITUTION: This steel is a high toughness hot tool steel having a composition consisting 
of, by weight, 0.20-0.60% C, 0.10-0.50% Si, 0.5-2.0% Mn, 0.5-2.5% Ni, 1.0-4.0% Cr, 0.05- 
1.00% V, <0.01% Al, <60ppm N, further 0.2-2.0% Mo and/or 0.2-4.0% W (where 
1/2W+Mo=0.2 to 2.0% is satisfied when both are used), and the balance Fe with inevitable 
impurities. By reduction in Al and N contents, toughness can be remarkably improved. 



http://wwl9.ipdl.ncipi.go.jp/PAl/result/detail/main/wAAA.daqluDA407102342Pl.htm 5/11/2006 



JP,07-102342,A [CLAIMS] 



Page 1 of 1 



CLAIMS 



[Claim(s)] 

[Claim 1] At weight %, it is C. : 0.20 - 0.60%, Si:0.10-0.50%, Mn: 0.5-2.0%, nickel:0.5-2.5%, Cr:1.0- 
4.0%, V : 0.05 - 1.00%, less than [ aluminum:0.01% ], N : 60 ppm or less are contained. Furthermore, 
they are Mo:0. 2-2.0% and W. : Tool steel between high toughness heat characterized by containing two 
(in however, the cases of two sorts l/2W+Mo: 0.2 - 2.0%) of any one sort or 0.2 - 4.0% of sorts, and 
consisting of the remainder Fe and an unescapable impurity. 

[Claim 2] At weight %, it is C. : 0.20 - 0.60%, Si:0.10-0.50%, Mn: 0.5-2.0%, nickel:0.5-2.5%, Cnl.O- 
4.0%, V : [ 0.05 - 1.00%, Nb:0.01-0.15%, less than / aluminum:0.01% /, ] N 60 ppm or less are 
contained. Further : [ Mo:0.2-2.0%, ] W : tool steel between high toughness heat characterized by 
containing 0.2 - 4.0% of one sort [ any ], or two sorts (in however, the cases of two sorts l/2W+Mo: 0.2 

- 2.0%), and consisting of the remainder Fe and an unescapable impurity. 

[Claim 3] At weight %, it is C. : 0.20 - 0.60%, Si:0.10-0.50%, Mn: 0.5-2.0%, nickel:0.5-2.5%, Cnl.O- 
4.0%, V : [ 0.05 - 1 .00%, less than / Co:2.0% /, less than / aluminum:0.01% /, ] N 60 ppm or less are 
contained. Further : [ Mo:0.2-2.0%, ] W : tool steel between high toughness heat characterized by 
containing 0.2 - 4.0% of one sort [ any ], or two sorts (in however, the cases of two sorts l/2W+Mo: 0.2 

- 2.0%), and consisting of the remainder Fe and an unescapable impurity. 

[Claim 4] At weight %, it is C. : 0.20 - 0.60%, Si:0.10-0.50%, Mn: 0.5-2.0%, nickel:0.5-2.5%, Cr:1.0- 
4.0%, V : [ 0.05 - 1.00%, Nb:0.01-0.15%, less than / Co:2.0% /, ] aluminum: Less than [ 0.01% ], N : 60 
ppm or less are contained. Further Mo:0.2-2.0%, W : tool steel between high toughness heat 
characterized by containing 0.2 - 4.0% of one sort [ any ], or two sorts (in however, the cases of two 
sorts l/2W+Mo: 0.2 - 2.0%), and consisting of the remainder Fe and an unescapable impurity. 
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[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the tool steel between [ which is used for the large- 
sized or, large hot-forging metal mold of a use load for hammer die forgings etc. ] the heat of especially 
high toughness. 
[0002] 

[Description of the Prior Art] Although four sorts of SKT(s) or the amelioration steel type of those was 
used for the large metal mold of the large-sized metallic ornaments for [ which is used between heat ] 
hammer die forgings, or a use load from the former, there was a case where metal mold produced a large 
crack and a chip from the corner section with the lack of toughness depending on results, such as a 
service condition of the metal mold which reduced and formed the routing counter into the high cycle, 
and impossible diesinking accompanying complication of a product. For this reason, reduction in Si of 
the chemical entity of the tool steel between heat, reduction in P, reduction in C, nickel addition or 
increase-izing of the content of Cr, etc. is performed. 
[0003] 

(Problem(s) to be Solved by the Invention] The technical problem which this invention tends to solve is 
raising toughness, without preventing the large crack and chip from the corner section by the lack of the 
large-scale or toughness of the large metal mold of a use load, and reducing reinforcement and abrasion 
resistance for the improvement in a life. 
[0004] 

[Means for Solving the Problem] In order to raise the toughness of the tool steel between heat, as a result 
of repeating many amelioration researches about the conventional steel component, in order for this 
invention persons to raise toughness, without reducing reinforcement and abrasion resistance, it found 
out that it was effective to reduce aluminum and N which are an impurity. 

[0005] As above-mentioned The means for solving a technical problem, then, the tool steel between 
high toughness heat of this invention By weight %, (1) C:0.20-0.60%, Si:0. 10-0.50%, Mn: 0.5-2.0%, 
nickel:0.5-2.5%, Cr: 1.0-4.0%, V:0.05 - 1.00%, less than [ aluminum:0.01% ], N : 60 ppm or less are 
contained. Furthermore two (in however, the cases of two sorts l/2W+Mo: 0.2 - 2.0%) of any one sort 
or Mo:0.2-2.0% and W:0.2 - 4.0% of sorts are contained, and it consists of the remainder Fe and an 
unescapable impurity, (2) Less than [ Co:2.0% ] was further added for the above-mentioned steel 
component at the steel component of having added 0.15% and Nb:0.01 - (3) above (1), Or it is 
characterized by adding Nb:0.01-0.15% and less than [ Co:2.0% ] further for the steel component of (4) 
above (1). 
[0006] 

[Function] Next, the reason for limitation of this component is explained. 

[0007] C is an element which forms carbide by annealing while raising the reinforcement and the 

hardenability of penetration and a matrix in a matrix by quenching and tempering, and gives high 

temperature strength and abrasion resistance. Therefore, the minimum was made into 0.20% in order to 

secure the above-mentioned property. However, since toughness and elevated-temperature softening 

resistance were reduced when many [ too ], the upper limit was made into 0.60%. 

[0008] Si is useful as a deoxidizer. Since it is necessary to stop aluminum most used abundantly as a 

deoxidizer in this invention for the improvement in toughness to 0.01% or less, as a deoxidizer, Si is 

mainly used. For that purpose, 0.10% or more needs to be added. Si raises the oxidation resistance 

between heat again. However, since toughness was reduced when it exceeded 0.50%, it could be 0.50% 

or less. 

[0009] Mn is an element which delays generation of the bainite to which high temperature strength is 
reduced, and is required also as a deoxidizer, and in order to secure such effectiveness, 0.5% or more of 
addition is required for it. However, when it added too much, while reducing toughness, since annealing 
hardness is made high and machinability was reduced, it could be 2.0% or less. 
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[0010] nickel is an element which raises hardenability and toughness, and effective effectiveness shows 
up by 0.5% or more of addition. However, since high temperature strength was reduced when it 
exceeded 2.5%, it could be 2.5% or less. 

[001 1] Cr is an element which hardenability, elevated-temperature softening resistance, and high 
temperature strength are raised by moderate addition, and combines with C, forms carbide further and 
raises abrasion resistance, and in order to acquire such effectiveness, 1 .0% or more of addition is 
required for it. However, since condensation of Cr carbide is caused and elevated-temperature softening 
resistance was reduced when it added exceeding 4.0%, the upper limit was made into 4.0%. 
[0012] V is an element which raises abrasion resistance and elevated-temperature softening resistance, 
and effectiveness is acquired by 0.05% or more of addition. However, since carbide is formed 
superfluously and toughness was reduced when it added exceeding 1.0%, the upper limit was made into 
1.0%. 

[0013] aluminum is regularly used as a deoxidizer and is usually contained about 0.02% by aluminum 
killed steel. However, as shown in drawing 2 , when aluminum degraded toughness and it exceeded 
0.01% in this invention, this phenomenon found out appearing notably. High toughness is restricted to 
0.01% or less with this invention steel by which it is characterized. 

[0014] About 130 ppm of N are contained in the usual arc furnace dissolution. However, since 
toughness was greatly reduced when N exceeded 60 ppm as this invention was shown in drawing 1 , 
high toughness was set to 60 ppm or less with this invention steel by which it is characterized. 
Therefore, when this invention steel was ingoted with an arc furnace, degasifying processing was 
performed and especially degasifying time amount was made twice usual. 

[0015] Mo and W form detailed carbide by annealing, and raise high temperature strength and elevated- 
temperature softening resistance. However, the amount of W for acquiring this effectiveness is the 2 
double need for the amount of Mo. Therefore, in order to acquire such effectiveness, 0.2% or more 
needs to be added of Mo equivalent (1/2 W+Mo). Moreover, too much addition generated huge carbide 
and a segregation, and since toughness was reduced, the upper limit was made into 2.0% with Mo 
equivalent (1/2 W+Mo). 

[0016] Nb raises toughness by forming the carbide which cannot dissolve easily and controlling big and 
rough-ization of austenite crystal grain at the time of hardening heating while raising abrasion resistance 
and elevated-temperature softening resistance. In this invention, when you need high toughness 
especially, it adds Nb. In order to acquire the above effectiveness, 0.01% or more needs to be added. 
However, since carbide is formed superfluously and toughness was reduced when it added exceeding 
0.15%, the upper limit was made into 0.15%. 

[0017] Co raises high temperature strength by controlling condensation big and rough-ization of 
reinforcement and carbide. In this invention, when you need high high temperature strength especially, it 
adds Co. However, since toughness was reduced when it added superfluously exceeding 2.0%, the upper 
limit was made into 2.0%. 
[0018] 

[Example] Hereafter, an example explains a detail for this invention. 

[0019] Tapping of the 14 heat of A-N shown in Table 1 was carried out with 100kg vacuum induction 

melting fiirnace, it cast to the ingot with a pitch diameter of 190mm, cogging of this was carried out to 

30mm of diameters, it considered as the test specimen, and the property of each test specimen was 

examined. 

[0020] 

[Table 1] 
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[0021] Each test method is shown below. 

1) To the test piece of 10mm x die length of 55mm of JIS No. 3 angles, and U notch, hardening temper 
of the Charpy impact test was carried out, and it examined in ordinary temperature so that it might be set 
to44HRC. 

2) To the test piece with a parallel part diameter [ of 5mm ], and a gage length of 25mm, hardening 
temper of the elevated temperature tensile test was carried out, and it examined at 600 degrees C so that 
it might be set to 44HRC. 

[0022] The test result is shown in Table 2. 

[0023] 

[Table 2] 
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[0024] As shown in Table 2, compared with comparison steel (I-N), as for this invention steel (A-H), it 
became clear that Charpy impact value and the elongation in an elevated-temperature tensile test, and a 
diaphragm are the outstanding steel. 

[0025] Furthermore, tapping of the steel type to which it changed six levels of N and aluminum of A 
steel at a time as an additional trial, respectively was carried out, and the Charpy test was investigated 
with the JIS number test piece. A result is shown in drawing 1 and drawing 2 . These drawings show 
that toughness improves remarkably by the fall of aluminum and N. That is, this invention steel shows 
that it is very pile steel about a large crack, a chip, etc. at a lifting. 

[0026] The metal mold which consists of arc furnace dissolution steel of a component almost equal to 
the component of this invention steel A of Table 1 was used for hot forging of a crankshaft. This metal 
mold dimension is [ 38HRC(s) and the work material of 550x500x1 100mm and metal mold hardness ] 
non-heat-treated steel. Conventionally, with steel, since wear or a crack occurs on a mold front face in 
about 2000 shots, this metal mold is used each time, again it. If it corrects, for example, RISHINKU 
becomes 4 times and 5 times in I steel of Table 1 which is steel conventionally, in order that a diesinking 
side may approach the core of a material, a crack occurs in a diesinking side at a use early stage, and it 
becomes **♦*. However, in this invention steel A, as the improvement in toughness of a core showed to 
Table 3, also in RISHINKU, a die service life hardly fell 6 times, but the high life was acquired. 
[0027] 
[Table 3] 
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[0028] 

[Effect of the Invention] As stated above, conventionally, this invention steel is the tool steel between 
high toughness heat which suppressed generating of a chip and a large crack compared with steel, and 
since hardenability is also excellent, it can expect the improvement in a life by using it for the large- 
sized metal mold which results in a life by the crack, or the big metal mold of a use load. 



[Translation done.] 
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Iffifo] MM.%X\ C : 0. 2 0-0. 6 0%, S 
i : 0. 1 0-0. 5 0%, Mn : 0. 5-2. 0%, 
Ni : 0. 5-2. 5%, Cr : 1. 0-4. 0%, 
V : 0. 0 5-1 . 0 0%, A 1 : 0. 0 1%WT, 
N : 6 0ppmirF££1iU $f>CMo : 0. 2- 
2. 0%, W:0. 2-4. OXCDo^vTtlfrl fit 
tdt2m(tltil. 2g<7)i§£, l/2W+Mo : 0. 
2-2. 0%) ££WU m&FeHXtmm^tti 
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1 

imxmi) m&%x\ c : o. 20-0. 60 

%, S i : 0. 10-0. 5 0%. Mn : 0. 5-2. 
0%. Ni : 0. 5-2. 5%, Cr : 1. 0-4. 0 
56, V : 0. 0 5-1. 0 0%. Al : 0. 01%i2l 
T, N : 60ppmIUT££WU $^CMo : 0. 
2-2. 0%. W : 0. 2—4. 0%<Oo^vffX*> 
l»*fctt2«(fc*fU 2gtf)l§£, 1/2W+M 
o : 0. 2-2. 0%) fc**U S»Fe*$J:tf3F«T 

S3. 

[if*3S2] M%T\ C : 0. 2 0-0. 6 0 
%, S i : 0. 1 0-0. 5 0%, Mn : 0. 5-2. 
0%, N i : 0. 5-2. 5%, Cr : 1 . 0-4. 0 
%. V : 0. 05-1. 00%. Nb : 0. 01- 
0. 15%. Al : 0. 0 1%OT. N :6 0p P m 
OT££^rU Zt>lZMo : 0. 2-2. 0%, W : 
0. 2-4. 0%<r)^i t tlfrimittt2m (fcfc'U 
2«<Di§£. l/2W+Mo : 0. 2-2. 0%) 
^FefcJ:lPF^&«T«$fta»'o : 5:6;fc£ ! 8 

®bt&mimm.m. 

[f»*JS3] fift%T\ C : 0. 2 0-0. 6 0 
%. Si :0. 1 0-0. 5 0%. Mn : 0. 5-2. 
0%. N i : 0. 5-2. 5%, Cr : 1 . 0-4. 0 
%, V : 0. 0 5-1. 00%. Co : 2. 0%W 
T. A 1 : 0 . 0 1 %JilT, N : 60ppmJJlTS:£ 
*U S^KMo : 0. 2-2. 0%, W : 0. 2- 

4. oxm^tifrim&tz^m (£*:u 2aw« 

l/2W+Mo : 0. 2-2. 0%) Sr£*U 81 

[»*«4] M%T. C :0. 2 0-0. 6 0 
%. S i : 0. 1 0-0. 5 0%. Mn : 0. 5-2. 
0%. N i : 0. 5-2. 5%. Cr : 1 . 0-4. 0 
%. V : 0. 05-1. 00%. Nb : 0. 01- 
0 . 1 5%, C o : 2 . 0%1TF. A 1 : 0 . 0 1 %HX 
T.N : 6 0ppmamtL. $£>£Mo : 0. 
2-2. 0%. W : 0. 2-4. 0%<7)wm*>lg 
±fctt2»(fcrtfU 28tf)i§£. l/2W+Mo : 
0. 2-2. 0%) Zttl.mtFetiXtPFifm 

[0001] 
[00023 

T4a^/di-c<7)iK^Sia* { «ffl$*tT^5* < . TW&. 



2) #^7-1 0234 2 

2 

ffipfl:. fficft^. n iaura. a* w*c 

[0003] 
[0004] 

1. A 1 fcJ:VN$:ffiT^S>:i:*^T'ftl);i:^. 
20 [ 0 0 0 5 ] -c^T. Jja<Of»»&tS*:y>tf)¥K 

( 1 ) C : 0. 2 0—0. 6 0%. S i : 0. 10- 

0. 5 0%. Mn : 0. 5-2. 0%. N i : 0. 5- 

2. 5%. Cr : 1. 0-4. 0%. V: 0. 05- 

1 . 00%, A 1 : 0. 0 1%JUT. N :6 0ppm 
OT£^fTU S^ClMo : 0. 2-2. 0%, W: 
0. 2-4. 0%CDo1b^-¥tlfr\mZtz\t2m (tit: 
U 2Sc9i§£. 1/2W+MO : 0. 2 — 2. 0%) 
££WL. WFe&iV^m<7)^Smtfrt>%2>Z 

30 fc, (2) JJWSWfciHc. Sfcfc. Nb : 0. 0 1- 
0. 15%»L^^fc. (3) Jbta ( 1 ) OilJfcfr 
fc, $f>£. Co : 2. 0%WT$r»Uv!dfc. J>6 
Wi. (4 ) ±12 ( 1 ) eW&fttz* Nb : 

0. 0 1-0. 1 5%. fcitf, Co : 2. 0%«T£ 

mmtzzbzimti-z. 

[0006] 

[0007] CIJ, MA&MUC.fcOVMJ-y^+t:: 
iSffiiA, V b 'J «y ?X03ft&fc <fctf&A*ltt£|6]±$ 
40 **kW=«WUfcJ:OftflSft**JKU KffiMEiJJ: 
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